水平発散のあるf-面準地衡乱流の自己相似的発展 (乱れの発生,維持機構および統計法則の数理) by 増田, 章
Title水平発散のあるf-面準地衡乱流の自己相似的発展 (乱れの発生,維持機構および統計法則の数理)
Author(s)増田, 章

















. $\epsilon$ $\epsilon^{3/2}k^{-5/3}$ ,
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( Masuda 2002).
. $\beta$




$x$ , $y$ , $z$ , $t$ ,
$\frac{\partial}{\partial t}(\nabla^{2}\psi-F\psi)+J(\psi,$ $\nabla^{2}\psi-F\psi)=-\nu_{h}\nabla^{6}\psi$ (1)
. $\psi$ , $J(\cdot, \cdot)$ Jacobian , nabla
. $F=\lambda^{2}$ , $\lambda^{-1}$ Rossby
. ,
. $\nu_{h}$ . , $\lambda$ .
.
. Charney-Hasegawa-Mima






. , $U$ $t$ .
$k$ . , 1 ( )
$E(k)$
$\frac{E(k)}{E_{p}}$ $=$ $\frac{E(k)k_{p}}{U^{2}}=e\exists(\frac{k}{k_{p}})=e(Ukt)$ , (2)
$k_{p}$ $=$ $k_{p}(U, t)$ $= \frac{1}{Ut}$ , $E_{p}=E_{p}(U,t)=U^{3}t= \frac{U^{2}}{k_{p}}$ (3)
. $E_{p}$ , $k_{p}$
. $(\lambda\neq 0)$ .
, $\phi(k)$ 1 . , .
$E^{(\mathrm{k}.\mathrm{e}.)}(k)$ , $E(k)$ ,
– $\cdot$ ) $\mathrm{s}W(k)$
$E^{(\mathrm{k}.\mathrm{e}.)}(k)$
$\equiv$ $k^{2}\phi(k)$ , $E(k)\equiv(\lambda^{2}+k^{2})\phi(k)$ , $W(k)\equiv k^{2}E(k, t)$ (4)
.
$\frac{\lambda^{2}+k_{p}^{2}}{\lambda^{2}+k^{2}}\frac{E(k,t)k_{p}}{U^{2}}$ $=$ $\frac{\phi(k,t)k_{p}}{\overline{\lambda}^{\mapsto+}k_{p}U^{2}}=e\exists(\frac{k}{k_{p}}$ ; $\frac{\lambda}{k_{p}})$ , (5)
$k_{p}Ut$ $=$ $\exists_{f(\lambda Ut)}$ (6)
179
. . .
, $U,$ $t$ $U^{2}/(\lambda^{2}+\sim),$ $\ovalbox{\tt\small REJECT}\lambda^{2}+\ovalbox{\tt\small REJECT})$
$\ovalbox{\tt\small REJECT}$ .
$f$ $\ovalbox{\tt\small REJECT}$
$\frac{\lambda}{k_{p}}$ $=$ $[ \lambda^{3}\frac{\lambda\cdot Ut}{(\lambda^{2}+k_{p}^{2})^{\frac{3}{2}}}]\frac{1}{4}=[\frac{\lambda\cdot Ut}{(1+\frac{k}{\lambda}4^{2})^{\frac{3}{2}}}]\frac{1}{4}\sim\{$
$[_{\overline{k}_{p}^{\mathrm{V}}}^{\lambda^{3}}(\lambda\cdot Ut)]^{\frac{1}{4}}\sim\lambda\cdot Ut$
$(k_{p}\gg\lambda)$
$(\lambda\cdot Ut)^{\frac{1}{4}}\sim\lambda\cdot(_{\overline{\lambda}^{T}}^{Ut})^{\frac{1}{4}}$ ( $k_{p}$ $\lambda$)
(7)




$e([ \frac{U}{\lambda}\tau t]^{\frac{1}{4}}k;\frac{\lambda}{k_{\mathrm{p}}}arrow\infty)$ $(k\ll\lambda)$
. (8)
, $U,$ $t$ $U^{2}/(\lambda^{2}+k_{p}^{2}),$ $t/(\lambda^{2}+k_{p}^{2})$
$\lambda/k_{p}$ .
. .
$\lambda/k_{p}arrow 0$ $\infty$ .
, Batchelor .





. Watanabe et al. (1998) .
. .
.
$\frac{(\lambda^{2}+k^{2})\psi}{t}$ $k^{4} \psi^{2}\Rightarrow\psi\sim\frac{(\lambda^{2}+k^{2})}{k^{4}t}\Rightarrow\psi\approx\frac{(\lambda^{2}+k^{2})}{k^{4}t}$ a




$\Rightarrow$ $\frac{\lambda^{2}+k^{2}}{t_{\epsilon}}\sim\epsilon^{\frac{1}{3}}k^{\frac{8}{3}}f^{-1}(\frac{k}{\lambda})$ . (10)
.
$\phi(k)$ $\sim$ $\frac{\psi_{\epsilon}^{2}(k)}{k}\sim\frac{(\lambda^{2}+k^{2})^{2}}{k^{9}t_{\epsilon}^{2}}f^{2}(\frac{k}{\lambda})=\epsilon^{\frac{2}{3}}k^{-}$ (11)
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. $f$ . ( ) $\eta$




$E^{(\mathrm{k}.\mathrm{e}.)}(k, t)\sim\epsilon^{\frac{2}{3}}k^{-\frac{5}{3}}$ $E(k,t)\sim\epsilon^{\frac{2}{3}}(\lambda^{2}+k^{2})k^{-\frac{11}{3}}$ (12)
, $\eta$
$\phi(k, t)$ $\sim$ $\eta^{\frac{2}{3}}k^{-5}$ $E^{(\mathrm{k}.\mathrm{e}.)}(k, t)\sim\eta^{\frac{2}{3}}k^{-3}$ $E(k, t)\sim\eta^{\frac{2}{3}}(\lambda^{2}+k^{2})k^{-5}$ (13)
. ,
. , , $k\sim\lambda$
. .
, Watanabe et al. (1998) , ,
. , . ,
, . ,
Watanabe et al. (1998)
. Masuda(2002) .
4
Watanabe et a1.(1998) $E_{p}\sim t^{-1/4}$
. .








$k_{d}$ , $E_{d}$ , $\eta_{d}$
. .











$W$ $=$ $W_{d}=k_{d}^{2}E_{d}=k_{d}^{2}d( \frac{W}{k_{p}^{2}}\cdot\exists h(\frac{k_{p}^{2}}{k_{d}^{2}};\frac{\lambda}{k_{\mathrm{p}}}))=d($ $W \frac{k_{d}^{2}}{k_{\mathrm{p}}^{2}}\cdot\exists h(\frac{k_{p}^{2}}{k_{d}^{2}};\frac{\lambda}{k_{p}}))$ (16)
. $\lambda/k_{p}arrow 0$ $\lambda/k_{p}arrow\infty$
$e$ $=$ $e(k’; \frac{\lambda}{k_{p}})$ $=e( \frac{k}{k_{p}})$ , $h=h( \frac{k_{p}^{2}}{k_{d}^{2}};\frac{\lambda}{k_{p}})$ $=h( \frac{k_{p}^{2}}{k_{d}^{2}})$ (17)
. , $\lambda/k_{p}$ . $\kappa\equiv k_{p}^{2}/k_{d}^{2}$ ,
$dW$ $=$ $d(W \frac{h(\kappa)}{\kappa})=\frac{h(\kappa)}{\kappa}\cdot dW+W\cdot d(\frac{h(\kappa)}{\kappa})$ (18)
,
$W[1- \frac{h(\kappa)}{\kappa}]=\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{s}\mathrm{t}$ $\Rightarrow\frac{W}{W_{0}}=\frac{1--[perp]_{\kappa}h\kappa_{0}\Delta 0}{1--h\Omega^{\kappa},\kappa}$ (19)
. $W$ ( $E$) $k_{p}$ . Iga and Watanabe (2002)
. . $W$ $k_{p}$
.
, .
. $\lambda$ $\epsilon$ .
– $\cdot$
$W(k)$ $\sim$ $\eta^{\frac{2}{3}}\lambda^{2}k^{-3}\sim W_{p}(\frac{k}{\mathrm{b}})^{-3}$ (20)
.








$\frac{W}{k_{p}^{2}}$ $E=U^{2}=U_{0}^{2}=E_{0}^{2} \sim\frac{W_{0}}{k_{p0}^{2}}$ (24)
. 0 . .
$k_{p}$





$\frac{W^{\frac{1}{2}}}{U}\sim(\frac{Ut}{\lambda^{3}})^{-\frac{1}{4}}$ , $E_{p} \sim\frac{U^{2}}{k_{p}}\sim U^{2}(\frac{Ut}{\lambda^{3}})^{\frac{1}{4}}$ (27)
. Watanabe et al. (1998). .
, .
$\frac{dW}{dt}$ $=$ $-\eta\sim-W^{\frac{3}{2}}$ $\Rightarrow W\sim\frac{1}{t^{2}}$ (28)
.
$k_{p}$










(Okuno and Masuda 2002).
, $k\ll\lambda$ .





$\eta_{d}$ , , $\eta_{d}$ .
, .
$\frac{dE}{dt}$ $- \frac{\eta}{k_{d}^{2}}+\frac{\eta}{k_{p}^{2}}=-(\frac{1}{k_{d}^{2}}-\frac{1}{k_{p}^{2}})\eta\sim\frac{\eta}{k_{p}^{2}}\sim\frac{k_{p}^{4}}{\lambda^{3}}E^{\frac{3}{2}}$ (31)
. $k_{p}\ll k_{d}$ , $\eta_{d}$ .












$\frac{k_{p}}{k_{w}}$ $\sqrt{\frac{E_{0}}{E}}=(\frac{2}{3})^{\frac{1}{3}}(\frac{\lambda^{2}}{U_{0}tk_{p0}^{3}})\S 1=(\frac{2}{3})^{\frac{1}{3}}\frac{1}{k_{w}}(\frac{\lambda^{2}}{U_{0}t})\frac{1}{3}$ (36)




$\frac{dE}{dt}$ $=$ $-\epsilon\sim-\phi E^{\frac{3}{2}}$ (37)
. , , 3 ( ) $E$
$k_{p}$ . , Loitsiansky
Birkhoff . Loitsiansky





$E$ $( \frac{k_{0}}{E^{\frac{1}{0^{5}}}}t)$ . (40)
. Birkhoff .
3 . – $W$ (



















[1] G. K. Batchelor (1969): Computation of the energy spectrum in homogeneours twO-
dimensional turbulence. Phys. Fulids, 12, Supple. $\mathrm{I}\mathrm{I},$ $233- 349$ .
[2] W. Horton and A. Hasegawa (1994):Quasi-two dimensional dynamcis of plasmas and fluids.
Chaos, 4, 227-251.
[3] K. Iga and T. Watanage (2002): Scaling Law of Quasi-Geostrophic Turbulence with Weak
Energy Dissipation. submitted to J. Metor. soc. Jappan.
[4] A. Masuda (2002): Self-simlar Spectral Evolutin of Quasi-Geostrophic Turbulence on an
$f$-plane with and without Horizontal Divergence. (in preparation)
[5] A. Masuda and A. Okuno (2002): Quasi-Geostrophic Turbulence in aOne-layer Ocean
Affected by Horizontal Divergence. submitted to Proc. Nagoya Workshop 2001.
[6] A. Okuno and A. Masuda (2002): Effect of Horizontal Divergecne on the Geostrophic
Turbulence on aBeta-Plane: Suppresion of the Rhines Effect. submitted to Phys. Fluids.
[7] Rhines, P. B. (1975): Waves and turbulence on abeta-plane. J. Fluid. Mech., 69, 417-443.
[8] Rhines, P. B. (1979): Geophysical Turbulence. Ann. Rev. Fulid Mech., 11, 401-441.
[9] T. Watanabe, T. Iwayama and H. Fujisaka (1998): Scaling laws for coherent vortices in
decaying drift Rossby wave turbulence. $\hat{\mathrm{P}}\mathrm{h}\mathrm{y}\mathrm{s}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{l}$ Review $\mathrm{E},$ $57,$ $\mathrm{N}\mathrm{o}.2,1536-1643$ .
185
